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Study was conducted to evaluate the potential application of the dried microalga Arthrospira platensis in Oreochromis 
niloticus diets as a replacement for fish meal protein. A. platensis was incorporated into fish diets at 0% (D1–control), 10% 
Diet2 (D2), 20% Diet3 (D3), and 30% Diet4 (D4) replacement of fish meal protein. The final weight gain was 42.90 ± 1.83, 
43.45 ± 1.74, 45.89 ± 1.42, and 46.64 ± 1.27 g in the control, D2, D3, and D4 groups, respectively, with significant 
differences. Similarly, the SGR, FCR and survival rate of fish were improved with each increasing levels. Hematological 
parameters including the counts of RBCs and WBC, Hb, and Hct were increased when A. platensis levels increased in the 
experimental diets, with significant differences. Furthermore,AST and ALT activities showed significant decreases when A. 
platensis level was increased. Thus, this study indicated that diets containing high amounts of A. platensis microalga 
improved the growth, feed efficiency, survival rate, and immune response of O. niloticus. 
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Introduction 
Aquaculture studies have stressed on using 
supplementations in natural feed rather than the 
inclusion of artificial antibiotics. One of these 
additives in fish feeds is dried A. platensis, which is a 
natural product that can enhance the fish health and 
production by providing a rich source of nutrients like 
essential amino acids, fatty acids (ω3 and ω6), 
vitamin B12, β-carotene, and minerals1. Additionally, 
the ratio of proteins in dried A. platensis is 
approximately 65% of its dry weight2 and it has 
antioxidant properties. This microalga is important 
and commonly used as a natural supplement in animal 
diets including that of fish3. In their natural 
environment, O. niloticus commonly consumes blue-
green algae and aquatic organisms4. Many studies 
have been used Arthrospirasp. as a replacement of 
fish meal for Oreochromis niloticus, in levels ranging 
from 0.5% to 2% of A. platensis5, up to 43%5, and 
0.5%, 1%, or 2% of A. platensis to the diets can 
improve the immune response6. Study aimed to 
determine the potential use of dried A. platensis 
powderin Nile tilapia diets and its effects on growth 
performance, body composition, feed utilization, 
survival rate, hematology, biochemical parameters, 
and immune response. 
 
Materials and Methods 
 
Experimental fish 
Samples of Nile tilapia, O. niloticus, were obtained 
from commercial fish hatcheries at King Abdulaziz 
City for Science and Technology, Mozahmiya, Saudi 
Arabia, and transported to the laboratory. Fish were 
acclimatized for 2 weeks to the laboratory conditions 
before commencement of the experiment.  
 
Study design 
A total of one hundred twenty acclimatized fish, 
weighing 15.98 ± 0.62 g (mean ± SE), were separated 
into four groups. Each of these groups were 
distributed into duplicate glass aquaria (capacity: 100 
L; dimension: 100 × 60 × 50 cm), with 15 fish per 
tank. The first group was fed diet without A. platensis 
and used as the control (D1), while the other three 
groups were fed on the experimental diets (D2, D3, 
and D4) that contained 10%, 20%, and 30% of A. 
platensis meal, respectively, as replacement for the 
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fish meal protein (Table 2). Fish were fed on a pellet 
diet two times a day, with the diets containing 
approximately 32% crude protein at a rate of 3% of 
biomass, 6 days a week for 12 weeks. Proximate 
analysis of moisture, crude protein, lipid, and ash in 
the ingredients (Table1), diets (Table 2) and whole 
body of fish was evaluated according to the standards 
described by the AOAC8. All biological indices were 
calculated as follows: 
SGR: [Ln final body weight (g)-Ln initial body 
weight (g)]/experimental period ×100.  
FCR: feed intake (g)/body weight gain (g).  
PER: body weight gain (g)/protein intake (g).  
PPV (%) = (% final body protein -% initial body 
protein)/ total protein intake (g) × 100 
The water temperature was controlled 
thermostatically and was maintained at 29 ± 1°C, and 
water quality measurements were maintained within a 
suitable range (for example, ammonia (NH3) at 0.07–
0.20 mg/L, pH at 7.0–8.0, nitrite (NO2) at 0.15–0.35 
mg/L, nitrate (NO3) at 4.33–5.77 mg/L, and dissolved 
oxygen at 5.5–6.8 mg/L). 
Hematological and biochemical analyses 
At the end of the experimental period, blood 
samples were taken from five fish in each treatment. 
Fish were starved for 1 day prior to sampling and 
were anesthetized with buffered MS222 (50 mg/L). 
Blood samples were taken from the caudal vein of the 
anesthetized fish with a sterile syringe using heparin 
solution as an anticoagulant agent. Half of the blood 
sample was centrifuged at 800 ×g for 10 min to 
obtained the plasma of blood using Hettich – 
Zentrifugen (Mikro 22R), and the non-hemolyzed 
plasma was maintained at -20°C for subsequent 
biochemical analyses. The other half was used to 
estimate the complete blood count (CBC) using the 
Mindray BC-2800Vet (Auto Hematology Analyzer) 
the count of red blood cells (RBCs) following the 
method described by Dacie and Lewis9, the count of 
white blood cells (WBCs) based on the method 
described by Stoskopf10, and the hemoglobin (Hb) 
content following the method described by Van 
Kampen and Zijlstra11. The hematocrit (Hct) value 
was calculated based on the formulas described by 
Britton12. Also, mean cell hemoglobin (MCH), MCH 
concentration (MCHC), and mean cell volume (MCV) 
were determined.The activity levels of aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) were assessed using (SEMI-Automatic 
Analyzer BTS-350) based on the procedure described 
by Reitman and Frankel13.  
 
Statistical analysis 
One-way analysis of variance using the Minitab 
software program and Tukey’s least significance 
difference test were used to compare the differences 
among the treatments. Differences were considered 
statistically significant at P < 0.05. 
 
Result and Discussion 
 
Growth performance and feed utilization 
Means of initial body weights, final body weights, 
weight gain, and specific growth rate (SGR) of O. 
niloticus fed diets containing different levels of A. 
platensis are shown in Table 3. Initial body weights 
ranged from 15.73 ± 0.76 to 16.41 ± 0.55 g, and final 
weights were between 58.63 ± 3.45, 59.86 ± 2.88, 
61.76 ± 3.08, and 62.56 ± 3.24 g (mean ± SE) in the 
control (D1), D2, D3, and D4 groups, respectively. 
Significant differences (P < 0.05) were found between 
fish fed on the control diet (D1) and D2 compared 
with fish fed on D3 and D4. Feed intake  
increased significantly (P < 0.05) with an increase in  
 
Table 1 — Chemical composition of ingredients used in diet














Moisture  ---- 8.89 6.84 11.20 7.00 10.6 
Protein  50.05 61.41 44.24 14.36 15.03 9.45 
Lipid  16.55 12.33 2.91 1.40 5.25 3.10 
Ash  8.34 18.64 6.50 1.80 4.79 3.40 
 
Table 2 — Formulation and proximate composition of experimental
diets (g/100 g dry weight) containing driedArthrospira platensis






(10% A. p.) 
D3 
(20% A. p.) 
D4 
(30% A. p.) 
Fish meal  32.00 28.00 24.00 21.00 
Spirulina 
powder 
-- 4.00 8.00 12.00 
Soybean meal 17.00 17.00 17.00 17.00 
Wheat meal 15.00 15.00 15.00 15.00 
Wheat bran 15.00 15.00 15.00 15.00 
Yellow corn  14.00 14.00 14.00 14.00 
corn oil 3.00 3.00 3.00 2.00 
Vitamin mix 2.00 2.00 2.00 2.00 
Mineral mix 2.00 2.00 2.00 2.00 
Total  100 100 100 100 
Proximate composition (% as fed) 
Moisture 7.64 7.83 8.01 8.27 
Protein 32.97 32.49 32.03 32.15 
Lipid 12.23 11.06 10.85 10.82 
Ash 13.33 13.71 13.42 12.89 
 




the A. platensis supplementation level, particularly in 
the D4 group when compared with the other groups. 
Means of total weight gain were 42.90 ± 1.83, 43.45 ± 
1.74, 45.89 ± 1.42, and 46.64 ± 1.27 g, in the D1, D2, 
D3, and D4 groups, respectively. The total weight 
gains of O. niloticus increased significantly (P < 0.05) 
with increasing levels of A. platensis in the D3 and 
D4 groups relative to the D1 and D2 groups. Means of 
SGR during the total experimental period in the D1, 
D2, D3, and D4 groups were found to be 1.83 ± 
0.064%, 1.80 ± 0.042%, 1.89 ± 0.007%, and 1.91 ± 
0.086%, respectively. Feed utilization included feed 
conversion ratio (FCR), protein efficiency ratio 
(PER), and protein productive value (PPV). Means of 
the FCR for D1, D2, D3, and D4 were 1.78 ± 0.013, 
1.77 ± 0.051, 1.70 ± 0.045, and 1.71 ± 0.049, 
respectively. FCR of O. niloticus decreased 
significantly (P < 0.05) whereas PER increased 
significantly (P < 0.05) with an increase in the A. 
platensis supplementation levels,(D3 and D4 groups), 
compared with fish fed on the control diet and D2 
diet. The PPV values of the D1 (control) and D2 
groups were significantly lower (P < 0.05) than those 
of the D3 and D4 groups (Table 3). Additionally, the 
survival rate increased with an increase in the level of 
A. platensis in the diets and was found to be 97, 97, 
100, and 100 % for fish in the D1, D2, D3, and D4 
groups, respectively. Table 4 shows the carcass 
composition data including the content of moisture, 
crude protein, lipid, and ash, calculated as a 
percentage of wet weight. Averages of body moisture 
ranged from 71.99 ± 0.67% to 72.38 ± 0.34%, with no 
significant differences (P > 0.05) among treatments. 
Averages of carcass protein content were 17.85 ± 
0.36% and 17.95 ± 0.28% in the D1 and D4 groups, 
respectively, with significant differences relative to 
the D2 and D3 groups. However, the highest values of 
carcass lipid were observed in the D4 group (8.49 ± 
0.47%) followed by the D3 group (7.86 ± 0.57%), 
with significant differences observed in comparison 
with the D1 (6.76 ± 0.58%) and D2 (6.54 ± 0.63%) 
groups. The ash content in the carcass ranged from 
4.33 ± 0.03% to 4.83 ± 0.08%, with no significance 
differences among groups.Spirulinaare filamentous 
blue-green microalgae belonging to 2 separate genera: 
Spirulina and Arthrospiraand include approximately 
15 species. The latest nomenclature considers 
Spirulina as being the same as Arthrospira. 
Arthrospira platensis is the most popular and widely 
available Spirulinaspecies and many of the published 
studies and decisions regarding public health are 
attributed to this species. This species can grow in 
 
Table 3 — Weight increase, feed consumption and nutritive utilization of Nile tilapia Oreochromis niloticusfed experimental diets 
containing dried Arthrospira platensis (mean ± SE. n = 5) 
 D1 D2 D3 D4 
Initial weight (g) 15.92 ± 0.496 15.87 ± 0.673 16.41 ± 0.549 15.73 ± 0.761 
Final weight (g) 62.56 ± 3.24a 61.76 ± 3.08a 59.86 ± 2.88b 58.63 ± 3.45b 
Weight gain (g) 46.64 ± 1.27a 45.89 ± 1.42a 43.45 ± 1.74b 42.90 ± 1.83b 
SGR (%)1 1.91 ± 0.086a 1.89 ± 0.133a 1.80 ± 0.042b 1.83 ± 0.064b 
Feed intake (g/fish) 79.73 ± 0.568a 77.91 ± 0.538b 76.83 ± 0.486b 76.53 ± 0.661b 
Daily feed intake (g/fish/day) 1.11 ± 0.005a 1.08 ± 0.007b 1.07 ± 0.006b 1.06 ± 0.007b 
FCR2 1.71 ± 0.049b 1.70 ± 0.045b 1.77 ± 0.051a 1.78 ± 0.013a 
PER3 1.82 ± 0.038a 1.84 ± 0.027a 1.74 ± 0.033b 1.70 ± 0.026b 
PPV (%)4 20.48 ± 0.82a 18.85 ± 0.78b 15.99 ± 0.53c 16.37 ± 0.64c 
Survival rate (%) 100 100 97 97 
Values in the same row with the same superscript are not significantly different (P > 0.05). 
1 SGR: [Ln final body weight (g) - Ln initial body weight (g)]/experimental period ×100.  
2 FCR: feed intake (g)/body weight gain (g).  
3 PER: body weight gain (g)/protein intake (g).  
4 PPV (%) = (% final body protein - % initial body protein)/ total protein intake (g) × 100. 
 
Table 4 — Body compositions of Nile tilapia Oreochromis niloticusfed experimental diets containingdried Arthrospira platensis
(mean ± SE, n = 5) 
 Initial D1 D2 D3 D4 
Moisture  79.42 71.99 ± 0.67 a 72.738 ± 0.30 a 72.380 ± 0.34 a 72.45 ± 1.13 a 
Protein  12.72 17.85 ± 0.36a 17.95 ± 0.28a 16.42 ± 0.41a 16.21 ± 0.63 b 
Lipid 2.05 6.76 ± 0.58 b 8.49 ± 0.47 a 7.86 ± 0.57 a 6.54 ± 0.63b 
Ash 2.58 4.83 ± 0.08 a 4.33 ± 0.03 a 4.42 ± 0.06 a 4.65 ± 0.10 a 
Values in the same row with the same superscript are not significantly different (P > 0.05). 
 




fresh water, is easily harvested and processed, and has 
a high nutritional value14. Possibility to use utilization 
of this microalga in fish feeds is dependent on its pre-
supplementation collection and processing, and its 
influence on fish growth and health. Results from the 
present study demonstrated that the substitution of 
fish meal by A. platensis up to 30% in the diet of O. 
niloticus increased growth performance, feed 
efficiency, and immune response. These results were 
in agreement with the results of a previous study by 
Ibrahem et al.5 who reported that health conditions of 
O. niloticus positively improved from the tissue 
protection and antioxidant effects of A. platensisin 
fish diets.The present study observed that growth 
performance increased with increasing levels of A. 
platensis in O. niloticus diets, up to 30% replacement 
of fish meal protein. This increase might be related to 
improve feed consumption and nutrient digestibility. 
These data were significantly higher than the results 
observed in the control group; therefore, dried A. 
platensis enhanced growth. This result was in 
agreement with data obtained by El-Sheekh et al.15, 
who reported thatinhybrid red tilapia (O. niloticus × 
O. mossambicus)fed diets including dried A. platensis 
up to 75% replacement of fish meal, there was 
improvement in growth performance includingFW, 
WG, ADG, and SGR. Moreover, the findings of the 
present study were also in agreement with the results 
reported by Dernekbasi et al.16, who discovered that 
high amounts of Spirulina in guppy diets enhanced 
the growth performance, when compared with other 
groups fed commercial diets. Furthermore, Sarker et 
al.17 reported that O. niloticus fed diets containing 
Schizochytriumsp. had improved weight gain, FCR, 
and PER.The highest amount of feed consumption 
was observed in the D4 group that included 30% dried 
A. platensis in the diet. This might be due to the 
increased palatability and flavor of the feed, resulting 
in increased growth rate without any negative effect 
on growth performance particularly on FCR, PER, 
and PPV%. This result was in accordance with data 
obtained by Rincón et al.18, who reported no negative 
influence on growth performance when red tilapia 
fingerlings were fed a diet that included 30% 
replacement of fish meal with A. maxima. In addition, 
El-Sheekh et al.21 found that hybrid red tilapiafed 
diets supplemented with A. platensis replacing up to 
75% of the fish meal hadthe best feed intake, which 
resulted in improvement in growth, FCR, PER%, and 
PPV%. Moreover, results of the present study are in 
agreement with the finding by Dawah et al.19 who 
demonstrated that FCR and PER were better when O. 
niloticus were fed artificial feeds that included 10% 
and 20% of dried algae. The present study showed 
that using A. platensis as a feed additive has a 
significant influence on the carcass composition of 
fish and improved the protein and lipid content in 
fish. These enhancements might be connected to 
changes in their structure, deposition rates in muscle, 
and different growth rates, which agreed with the 
findings by Abdel-Tawwab et al.20. This might also be 
attributed to A. platensis being an excellent 
replacement for fish meal in O. niloticus diets, even at 
a high replacement level, because it contains high 
quantities of protein, essential amino acids, fatty 
acids, vitamins, and minerals. Therefore, growth 
performance, feed efficiency, and protein and lipid 
content in the body composition increased with 
increasing levels of A. platensis in Nile tilapia diets.  
 
Hematological parameters 
RBCs, WBCs, Hbs, and Hct counts increased in 
fish as A. platensis supplementation levels increased 
(Table 5). The RBC counts increased significantly (P 
< 0.05) with increasing levels of A. platensis, e.g., 
1.96 ± 0.16, 2.04 ± 0.11, 2.65 ± 0.21, and 2.70 ± 0.09 
 
Table 5 — Hematological and biochemical parameters of Oreochromis niloticus fed experimental diets containingdried Arthrospira 
platensis (mean ± SE, n = 5) 
 D1 D2 D3 D4 
RBC (count ×106/mm3) 1.96 ± 0.16b 2.04 ± 0.11b 2.65 ± 0.21a 2.70 ± 0.09a 
WBCs (103/mm) 4.36 ± 0.14c 4.88 ± 0.16c 5.36 ± 0.18b 6.41 ± 0.37a 
Hb (g/100ml) 7.20 ± 0.41b 6.88 ± 0.31b 7.11 ± 0.31b 7.96 ± 0.36a 
Hct (%) 28.45 ± 0.22c 31.70 ± 0.51b 32.65 ± 0.32ab 33.62 ± 0.45a 
MCHC (%) 24.30 ± 1.34a 22.70 ± 1.11b 22.78 ± 1.21b 24.68 ± 0.99a 
MCH (pg) 36.73 ± 1.06a 33.73 ± 1.23a 26.83 ± 1.31c 29.48 ± 1.12b 
MCV (µ3) 145.15 ± 1.34b 155.39 ± 1.45a 123.21 ± 1.29c 124.52 ± 1.43c 
AST (IU/L) 78.56 ± 1.33a 77.67 ± 1.54a 75.38 ± 1.39b 73.53 ± 1.41b 
ALT (IU/L) 30.95 ± 1.06a 30.24 ± 0.97a 29.63 ± 1.16a 28.54 ± 1.05b 
Values in the same row with the same superscript are not significantly different (p>0.05). 
 




× 106/mm3 counts for D1, D2, D3, and D4, 
respectively. WBCs count also increased significantly 
(P < 0.05) with increasing levels of A. platensis, e.g., 
4.36 ± 0.14, 4.88 ± 0.16, 5.36 ± 0.18, and 6.41 ± 0.37 
× 103/mm counts for D1, D2, D3, and D4, 
respectively. Hbs values were significantly different 
(P < 0.05) among groups, e.g., 7.20 ± 0.41, 6.88 ± 
0.31, 7.11 ± 0.31, and 7.69 ± 0.36 g/100 mL for D1, 
D2, D3, and D4, respectively. Similarly, the Hct% 
showed a significant difference (P < 0.05) among fish 
fed A. platensis and the control group, e.g., 28.45 ± 
0.22%, 31.21 ± 0.51%, 32.65 ± 0.32%, and 33.62 ± 
0.45% for D1, D2, D3, and D4, respectively (Table 
5). 
In the present study, O. niloticus fed diets 
containing A. platensis displayed significantly higher 
RBCs, WBCs, Hb, and Hct counts than the fish fed 
the control diet. Therefore, there was an increase in 
the survival rate of O. niloticus when fed A. platensis 
as a feed additive in the diet. These data were in 
agreement with the findings of Watanuki et al.21, who 
reported that S. platensis stimulated the functions of 
leucocytes, such as phagocytosis and superoxide 
production, and the production of cytokines in the 
common carp, Cyprinus carpio. The observed high 
values of WBCs and RBCs recorded in the present 
study in the group fed diets substituted with A. 
platensis by up to 30% were in agreement with data 
obtained by El-Sheekh et al.21, who noted that hybrid 
red tilapia fed up to 75% of dried A. platensis showed 
improved immunity. Moreover, Promya and 
Chitmant22 found that the fingerlings of the African 
sharptooth catfish, Clariasgariepinus, that were fed 
diets containing 5% A. platensis + basal had higher 
values for WBCs and RBCs counts, and immunity 
stimulating capacity. These high values of WBCs and 
RBCs might be related to the presence of C-
phycocyanin in Spirulina that can help build 
immunity23. Bermejo et al.24 noted that the capacities 
of antioxidants in Spirulina protein extract in this 
microalga contain biliproteins, such as phycocyanin. 
 
Biochemical parameters 
The liver enzyme activities of O. niloticusfed 
experimental dietswere as follows:for AST, the values 
were 78.56 ± 1.33, 77.67 ± 1.54, 75.38 ± 1.39, and 
73.53 ± 1.41 IU/L, and for ALT, the values were 
30.95 ± 1.06, 30.24 ± 0.97, 29.63 ± 1.16, and 28.54 ± 
1.05 IU/L, for D1, D2, D3, and D4, respectively, with 
significant differences (P < 0 .05) (Tables 5) Both 
AST and ALT activity decreased with increasing 
levels of A. platensis in the diets fed to O. niloticus 
(Table 5).Different levels of supplementation with A. 
platensis in O. niloticusdiets showed significantly 
lower AST and ALT values in all groups studied, 
when compared with the control group. Thus, A. 
platensis improved the immune response and 
enhanced the health of O. niloticus. The analysis of 
biochemicals often provides vital information for 
health estimation and management of cultured fish 
species25. The assessments of AST and ALT in 
plasma has considerable diagnostic value in fish, this 
might be related to the status of the general nutritional 
as well as to the vascular system integrity and 
function of the liver. Abdel-Tawwabet al.20 also found 
that biochemical measurements were enhanced, and 
growth and immunity promoter in O. niloticus fed  




Results from the present study showed the 
possibility of using A. platensis as a protein source to 
replace the fish meal protein in O. niloticusdiets as it 
enhanced the growth performance, feed utilization, 
body composition, and survival rate, and boosted the 
immune system. In addition, there was an 
improvement in carcass composition, especially in 
terms of protein and lipid content. Therefore, the use 
of A. platensis in fish diets can decrease the level of 
fish meal included for the large-scale culture of fish 
species, particular for tilapia. The optimum inclusion 
levels of the dried formsof A. platensis in fish feeds 
require further study to determine its desirable effect 
on growth performance, feed efficiency, immune 
response, and infection resistance in tilapia. 
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